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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a seal for a hydrogen cooled generator 
which can substantially prevent diffusion and mass transfer to a seal cavity of 
hydrogen atmosphere, by comprising a rotor and a housing wall which provides 
the hydrogen atmosphere in the one side and provides, in the opposite side, the 
seal cavity in which the hydrogen purity is lower than that of the hydrogen 
atmosphere. 

SOLUTION: A casing (30) is provided at the intermediate area between a 
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bearing cavity (22) of the hydrogen cooled generator and a seal cavity (52). A 
oil deflector seal (50) is provided intermediate an interval cavity filled with 
the hydrogen and the seal cavity of the generator. Combination of a brush seal 
(54) or brush seal/labyrinth seal forms an oil deflector seal between a 
hydrogen cavity and seal cavity to substantially prevent or minimize diffusion 
and mass transfer of hydrogen and lubricant across this seal. The brush seal 
may be provided as an original equipment or as a retrofit in lieu of existing 
labyrinth to seal teeth. The brush seal maintains the hydrogen atmosphere of 
the generator cavity and lesser hydrogen purity atmosphere in the seal cavity 
substantially segregated from one another, whereby reduced hydrogen consumption 
is provided. 
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1. Title of Invention 

DIFFUSION AND MASS TRANSFER PREVENTION 
SEAL FOR HYDROGEN COOLED GENERATORS 

2. Claims 

1 . In a hydrogen cooled generator having a rotor and a housing wall 
having a hydrogen atmosphere on one side and a seal cavity on an opposite 

side thereof of lesser purity hydrogen than the hydrogen atmosphere, a first 
seal between said rotor and said housing wall for substantially preventing 
diffusion and mass transfer of the hydrogen atmosphere on said one side of 
said wall into said seal cavity, said seal including a brush seal extending 
between said housing wall and the rotor and having a plurality of bristles, tips 
of said bristles engaging the rotor and a seal casing between said wall and 
said rotor and segregating said seal cavity and a bearing cavity on opposite 
sides of said seal casing, a second seal between said seal casing and said 
rotor and containing a lubricant under pressure, said brush seal and said 
second seal lying in series with one another along said rotor to substantially 
preclude mass transfer of the lubricant in said seal cavity, resulting from fluid 
leakage past said second seal, from passing into the hydrogen atmosphere 
on said one side of said housing wall. 

2. A seal according to Claim 1 wherein said bristles are formed of a 
non-metallic material. 

3. A seal according to Claim 1 wherein said bristles are formed of a 
plastic material. 
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4. In a hydrogen cooled generator having a rotor and a housing wall 
having a hydrogen atmosphere on one aide and a seal cavity on an opposite 
side thereof of lesser purity hydrogen than the hydrogen atmosphere, a seal 
between said rotor and said housing wall including at least one labyrinth tooth 
projecting from said housing wall toward said rotor and having a tip spaced 
from said rotor, a method of substantially preventing diffusion and mass 
transfer of the hydrogen atmosphere on said one side of said wall into said 
seal cavity, comprising the step of securing a brush seal having a plurality of 
bristles between said housing wall and the rotor. 
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3. Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

The present invention relates to seals for hydrogen cooled generators 
and particularly relates to a seal for preventing or minimizing diffusion and 
mass transfer of hydrogen between a hydrogen atmosphere on one side of a 
generator housing wall and a seal cavity intermediate the hydrogen 
atmosphere and a bearing cavity and methods of applying the seal. 

In hydrogen cooled generators, an end wall or casing surrounds a rotor 
and seals are interposed between the housing wall and the rotor to seal 
between the hydrogen atmosphere on one side of the wall and an oil mist on 
the opposite side of the housing wan In the bearing cavity. Fluid film seals are 
conventionally used on hydrogen cooled generators as dynamic rotor seals 
with near zero leakage. Turbine ofl is the traditional working fluid of these 
seals because the turbine/generator unit must be supplied with turbine oil for 
its bearings. Fluid film seals are generally directed along the rotor by a pair of 
low clearance rings about the rotor shaft. In a typical system, this oil flows 
past one seal ring into the bearing cavity and past the other seal ring and an 
additional oil deflection seal entering the hydrogen environment within the 
housing wall. Oil entering the hydrogen side entrains hydrogen gas, which is 
then removed from the generator and vented from the system. Particularly, 
the oil in contact with the hydrogen releases air dissolved in the oil and 
absorbs hydrogen taking the hydrogen out of the system. Hydrogen 
consumption therefore represents a continuous and substantial expense to 
the user of the hydrogen cooled generator. 

In other systems, which are completely separate from the 
aforedescribed oil system, the system is saturated with hydrogen gas at the 
start of operation and thus absorbs less hydrogen during operation. However, 
these systems require substantial auxiliary equipment and longer rotors. 
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Consequently, it is desirable to reduce hydrogen consumption in a hydrogen 
cooling system for hydrogen cooled generators. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with a preferred embodiment of the present invention, 
an oil deflector seal with improved sealing capacity between the hydrogen 
atmosphere on one side of a generator housing wall and a seal cavity on an 
opposite side of the oil deflector seal is provided. The seal cavity is an 
intermediate cavity containing lower purity hydrogen than the hydrogen filled 
generator casing. A low flow fluid film ring seal seals the seal cavity from the 
bearing cavity. Typically an oil deflector seal comprised of labyrinth seal teeth 
is disposed between the seal cavity and the hydrogen filled generator casing. 
The seal of the present invention is provided across the seal casing and rotor, 
between the hydrogen generator cavity and seal cavity, and greatly reduces 
the flow of hydrogen from the generator cavity across the seal into the 
hydrogen seal cavity and flow of oil along the shaft into the generator housing. 
As a consequence, a significantly greater difference between the purity of 
hydrogen of the two cavities on opposite sides of the seal casing is provided 
affording reduced diffusion and mass transfer of the hydrogen across the seal. 
More particularly, the seal between the generator cavity and the seal cavity 
includes a brush seal between the generator wall and the rotor. The brush 
seal may be used either independently of any other seal, in series with an 
existing labyrinth seal or as a retrofit wherein the brush seal replaces a tooth 
or teeth of the labyrinth seal or is interposed between the labyrinth teeth. Ttie 
brush seal is preferably formed of a non-metallic bristle material for example 
plastic. The bristles of the brush seal are preferably highly flexible in the light 
of the very low pressure drop between the generator cavity and the seal 
cavity. Moreover, a brush seal is bi-directional i.e. not only preventing 
diffusion and mass transfer of hydrogen into the seal cavity but also serving to 
prevent oil or oil mist from the seal cavity from entering the generator cavity. 
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In a preferred embodiment of the present invention, the brush seal is 
employed in conjunction with one or more labyrinth seal teeth between the 
housing wall and the rotor. The brush seal may be provided on the end of the 
labyrinth seal teeth or as indicated earlier may replace one or more of the 
teeth of the labyrinth seal either as original equipment or as a retrofit. 

In a preferred embodiment according to the present invention, there Is 
provided in a hydrogen cooled generator having a rotor and a housing wall 
having a hydrogen atmosphere on one side and a seal cavity on an opposite 
side thereof of lesser purity hydrogen than the hydrogen atmosphere, a seal 
between the rotor and the housing wall for substantially preventing diffusion 
and mass transfer of the hydrogen atmosphere on one side of the wall into the 
seal cavity, the seal including a brush seal extending between the housing 
wall and the rotor and having a plurality of bristles, tips of the bristles 
engaging the rotor. 

In a further preferred embodiment according to the present invention, 
there is provided in a hydrogen cooled generator having a rotor and a housing 
wall having a hydrogen atmosphere on one side and a seal cavity on an 
opposite side thereof of lesser purity hydrogen than the hydrogen 
atmosphere, a first seal between the rotor and the housing wall for 
substantially preventing diffusion and mass transfer of the hydrogen 
atmosphere on one side of the wall into the seal cavity, the seal including a 
brush seal extending between the housing wail and the rotor and having a 
plurality of bristles, tips of the bristles engaging the rotor and a seal casing 
between the wall and the rotor and segregating the seal cavity and a bearing 
cavity on opposite sides of the seal casing, a second seal between the seal 
casing and the rotor and containing a lubricant under pressure, the brush seal 
and the second seal lying in series with one another along the rotor to 
substantially preclude mass transfer of the lubricant in the seal cavity, 
resulting from fluid leakage past the second seal, from passing into the 
hydrogen atmosphere on one side of the housing wall. 
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in a still further preferred embodiment according to the present 
invention, there is provided in a hydrogen cooled generator having a rotor and 
a housing wad having a hydrogen atmosphere on one side and a seal cavity 
on an opposite side thereof of lesser purity hydrogen than the hydrogen 
atmosphere, a seal between the rotor and the housing wall including at least 
one labyrinth tooth projecting from the housing wall toward the rotor and 
having a tip spaced from the rotor, a method of substantially preventing 
diffusion and mass transfer of the hydrogen atmosphere on one side of the 
wall into the seal cavity, comprising the step of securing a brush seal having a 
plurality of bristles between the housing wall and the rotor. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, particularly to Figure 1, an end portion 
of a hydrogen cooled generator having a rotor 10, a housing wall or casing 12 
and a portion of an end shield 14 are illustrated. Also illustrated is a rotor 
shaft bearing 16 comprised of inner and outer bearing rings 18 and 20, 
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respectively, disposed in a bearing cavity 22 containing an oil mist A bearing 
cap 24, together with end oil deflector 26, closes off outside portions of the oil 
bearing cavity 22 about rotor 10. 

Along the inside surface of the housing wall 12 (to the left of wall 12 in 
Figure 1), there is a hydrogen atmosphere designated 28 within the generator 
for cooling the generator. A low flow fluid film ring-type seal Is provided 
between the rotor 10 and the housing wall or casing 12 to maintain the 
hydrogen atmosphere 28 segregated from the oil mist in bearing cavity 22. 
As illustrated, a seal casing 30 is interposed between the housing wall 12 and 
rotor 10. The seal casing 30 comprises an annular plate or wing secured 
along its radially outer diameter by bolts passing through insulation 32. The 
seal casing 30 includes an annular chamber 34 opening radially inwardly 
toward the rotor 10 and defined between a pair of axially spaced flanges 36 
and 38. A pair of low clearance seal rings 40 and 42 together with an annular 
garter spring 44 for biasing the seal rings both axially and radially is provided 
in this low fluid film seal. A lubricant, such as turbine oil, is disposed under 
pressure in the chamber 34 for forming the fluid film seal between rings 40, 42 
and the rotor. The low flow fluid film seal is the subject of a co-pending 

application Serial No. (Atty. Dkt. No. 17GE-5959; 839-696) and 

reference may be made to that application for further details of the low fluid 
film seal. 

In accordance with a preferred embodiment of the present invention, a 
diffusion and mass transfer prevention oil deflector seal generally designated 
50 is disposed between the housing wall 12 and rotor 10 inboard of the seal 
casing 30 defining a seal cavity 52 therebetween. As a result, the seal cavity 
contains a significantly lesser purity of hydrogen then the hydrogen 
atmosphere in the generator cavity 28. The diffusion and mass transfer 
prevention seal 50 increases the resistance to diffusion and the resistance to 
mass transfer of hydrogen across the seal 50 Into the seal cavity 52 such that 
hydrogen consumption is substantially reduced. 
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To accomplish the foregoing, the seal 50 includes in a preferred 
embodiment hereof a brush seal 54. As illustrated in Figure 1. the brush seal 
is employed in combination with a plurality of labyrinth seal teeth 56. In this 
form, the brush seal may be provided on the interior end i.e. hydrogen side of 
the labyrinth seals either as part of the original equipment or as a retrofit It 
will be also be appreciated that the brush seal acts to minimize flow of oil or oil 
mist from the seal cavity 52 into the generator cavity 28. The brush seal may 
comprise a plurality of bristles 58 preferably formed of plastic material, such 
as Kevlar™ formed or carried between two backing plates 60 and 62 secured 
to one another and to the bristles, e.g., by a weld. The bristles terminate in 
cantilevered ends for engaging the rotor. The brush seal may be secured to 
the end of a wall support 64 for the labyrinth teeth 56. 

In a further form of the present invention, as illustrated in Figure 4, the 
labyrinth teeth 56 may be replaced in their entirely by brush seals 66. It will 
be appreciated that while Figure 4 illustrates a complete replacement of the 
labyrinth teeth with the brush seals, any one or more of the labyrinth teeth can 
be replaced by brush seals such that a combination labyrinth/brush seal is 
provided to reduce diffusion and mass transfer of hydrogen and oil across the 
seal. Moreover, the replacement may be provided as a retrofit during an 
outage. 

While the invention has been described in connection with what is 
presently considered to be the most practical and preferred embodiment, it is 
to be understood that the invention is not to be limited to the disclosed 
embodiment, but on the contrary, is intended to cover various modifications 
and equivalent arrangements Included within the spirit and scope of the 
claims. 
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4. Brief Description of Drawings 

FIGURE 1 is a fragmentary cross-sectional view of a seal for 
preventing diffusion and mass transfer between a housing wall and the rotor 
of a hydrogen cooled generator, the seal being constructed according to a 
preferred embodiment of the present invention; 

FIGURE 2 is a fragmentary perspective view of the diffusion and mass 
transfer prevention seal hereof; 

FIGURE 3 is an enlarged view of the seal hereof illustrating the 
combination of brush seal and the labyrinth seal; and 

FIGURE 4 is an enlarged cross-sectional view illustrating labyrinth 
teeth replaced by brush seals In the oil deflector seal between the hydrogen 
filled generator cavity and seal cavity of the hydrogen cooled generator. 
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FIG. 4 




1. Abstract 

In a hydrogen cooled generator, a seal casing (30) is provided 
intermediate the bearing cavity (22) of a hydrogen cooled generator and a 
seal cavity (52). An oil deflector seal (50) is provided between the hydrogen 
filled interior cavity of the generator and the seal cavity. A brush seal (54) or 
brush/labyrinth seal combination forms the oil deflector seal between the 
hydrogen cavity and the seal cavity to substantially prevent or minimize 
diffusion and mass transfer of hydrogen and lubricant across the seal. The 
brush seal may be provided as original equipment or as a retrofit in lieu of 
existing labyrinth to seal teeth. The brush seal maintains the hydrogen 
atmosphere of the generator cavity and lesser hydrogen purity atmosphere in 
the seal cavity substantially segregated from one another whereby reduced 
hydrogen consumption is provided. 

2. Representative Drawing: Figure 1 
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